This paper examines the early years of the Friesian Dairy School and is a case study of how knowledge institutions were integrated into a regional economic cluster. The dairy school was the result of cooperation between people and organisations from the economic and political sectors, which inspired the emergence of an industrial dairy cluster. The school had a difficult start because it was not clear whether higher education was a matter of private or public interest. In the discussions about the funding and direction of the school, we can observe how patterns of cooperation in and between the economic sector and the state were shaped. The study shows how cooperative structures originate in processes of trial and error. Cluster evolution can therefore be driven by both discord and consensus within economic networks. The result of such non-linear and multi-scalar developments ultimately reflect a clear differentiation of tasks between economic actors, the state and knowledge institutions.
１ Introduction
The building of cooperative structures between individuals and organisations is given an important position in cluster theories. Geographical proximity eases face-to-face contact, which has a stimulating effect on informal ties. According to this line of thought, regionally entrenched networks instil a group feeling which has a stimulating effect on the establishment of shared knowledge institutions. １ Many of those involved in current clus-1 S. Cruz and A. Teixeira, 'The evolution of cluster literature: shedding light on the regional studies -regional science debate', Regional studies 44:9 (2010) 1263-1288, 1266.
ter policies concentrate their activities on the establishment of infrastructure for research, development and vocational training. Such strategies have also proved to have influenced the development of economic clusters in the past. As a consequence of the Industrial Revolution, territorially bounded rural production systems were confronted with new technological possibilities for the processing of their agricultural commodities. Production methods became more complex and one way of responding to the challenge this posed was to establish institutions which trained primarily young people in how to exploit these new economic opportunities. Major obstacles, however, were the investment costs of building knowledge institutions. Who should pay for the schools, laboratories, research centres and so on? The answers were far from clear in the last quarter of the nineteenth century. Ideological barriers and practical impediments held back the agricultural knowledge infrastructure in the Netherlands compared to other European countries.
２
Clusters have helped overcome these barriers and impediments. Professional lobby groups, organised by regional networks, laid the foundations for agricultural schools. The building of a national infrastructure was a minor issue for the representatives of these networks, who were embedded in particular agricultural traditions. These actors were driven foremost by the conviction that knowledge was a crucial asset in order to modernize their regional economic production systems. It would be inaccurate, however, to attribute the foundation of schools to regional initiatives alone. Knowledge infrastructures were in fact bolstered by extra-regional forces; knowledge driven development of clusters was not a simple bottom-up process. A recent and critical evaluation of the cluster literature called for a 'further understanding of how factors at different geographic scales interact and influence cluster development paths'.
３ This article aims to contribute to such a multi-scalar perspective on cluster development. Moreover, it wants to study the inevitable dynamics which arise between individuals and organisations who are working together on shared facilities for education and vocational training. Some parts of the cluster literature emphasize the importance of social and cultural aspects, and this may give observers (unintentionally or not) the feeling that cluster evolution comes along with a sphere of consensus. But among those aspects that influence clusters, many can be characterized by disputes and competition.
４
The multiple levels and the internal dynamics of cluster development will be investigated with the help of a dairy school built in the Friesian town of Bolsward. It was founded as a private initiative in 1889, closed in 1899 and reopened in 1904 as a state school. We will track the organisational history of the Friesian dairy school, which was characterized by discussions with and between economic actors and the national state. Internal tensions were overcome through a process of trial and error, in which each actor adapted its expectations of the school and of the role each would play. New cooperative structures were built by adapting to new circumstances, thus fostering the emergence of a Friesian industrial dairy cluster with a knowledge institution. Against this background, the central questions addressed by this article focus on actors and the cooperation between them: who was involved in the foundation of the first (1889) and second (1904) dairy schools and how did they cooperate? How did the ideas about and expectations of the dairy school change? The primary sources used for this article -besides newspapers and the archives of the Friesian Agricultural Society -are the archive of the Friesian Dairy School, the archive of the Department of Education of the Ministry of Internal Affairs, and the archive of the National Agricultural Commission. The article is structured as follows. First, we will place the case study more explicitly in its historiographical context. Then we will embark on the ideological reasons for the quite late foundation of a Dutch-Friesian dairy school, compared to other European countries. We will then provide a sometimes quite detailed description of the foundational process between 1885 and 1904. In our conclusion, we will again relate the case study to the broader theme of cluster development.
２
Historiographical overview
In the literature, Friesland is viewed as a core region of the Dutch dairy industry. Its literal basis is the clay and peaty soil in the southwestern and central parts of the province, on which rich pastures could develop. Even in preindustrial times, these areas specialized in dairy farming, with large and professional agricultural firms distributed evenly across the region. ５ Manually creamed milk was churned into butter, which was sold through market towns such as Sneek and Leeuwarden to urban markets in the western Netherlands. In the eighteenth and nineteenth centuries, the English market developed as a main buyer of Friesian butter, which was shipped from the harbour of Harlingen. The transformation from manual to mechanized dairy production has been described as a process dominated by hesitance: Friesian farmers underestimated the opportunities presented by new technologies. Partly based on sources from critical eyewitnesses, this view entered the historiography through the evaluation in the 1950s of the work of the Dutch 'Danish Commission'. ６ This commission was established in 1878
to learn from German and Scandinavian dairy production. The commission dismissed importing into the Netherlands the system of processing milk from several farms at a central location, as was done in Denmark. According to three elderly commission members, this conflicted with the Friesian butter production methods in medium-sized, family-owned farms. This stance was rather traditional, so in a sense the historiography is correct. However, at that time it would hardly have been possible to foresee the technological breakthrough of 1879, when the Swedish engineer Gustav de Laval perfected an earlier prototype mechanical milk separator. ７ Working with the machinist Alva, this Alva de Laval separator entered the Dutch market in the 1880s.
８ It enabled large quantities of milk to be creamed very quickly and easily, making it profitable to establish dairy companies and separate butter and cheese production from dairy farming. This transformation has been described in many articles and books, and is part of the it has not yet been the subject of any in-depth historical research paying attention to its relationships and position in a broader regional economic network.
１７
Occasionally, the cited works do consider the extent to which schools are bound up in regional networks, although this is never the main focus. This might be related to the observation of Segers and Hermans, who stated that 'agricultural education was mainly a top-down affair' in most European countries.
１８ However, we can see the influence of regional con- Before the introduction of new technologies, people were trained entirely on the job. But in the latter quarter of the nineteenth century dairy production methods transformed from manual to mechanical. This transformation increased the complexity of the production process, resulting in a commensurate increase in the demand for sound education. ２４ The demand for education could be strongly regionally rooted, as the Friesian dairy school indicates.
３

A change in ideologies
In a literature synthesis the economists Cruz and Texeira sketched out the three 'most relevant' elements of the cluster concept: geographical proximity, social networks and a shared culture. ２５ How do these elements express themselves in the Friesian dairy cluster? The Friesian clay and peat soils -the perfect land for growing grass which cows eat and process into milk -were fundamental to the cluster. From the Middle Ages on, Friesians specialized in dairy farming which yielded an excellent export base in the nineteenth century. In 1865, Harlingen exported over 11 million kilograms of butter, around three quarters of all Dutch butter exports in the period. The majority went in forty-kilo barrels from Friesland to London; England bought forty percent of its imported butter from the Netherlands.
２６ Their commercial success gave the Friesian dairy farmers a sense of group identity. Large farm-owners met each other and mixed with notable citizens in the Friesian Society of Agriculture and Cattle Breeding. This association ('the Society') was founded in 1852 and pursued the economic interests of the agricultural community. At its annual meetings, the members of the Society discussed several themes, such as trade policies or new production methods. Organised into thirteen local departments, the geographical reach of the Society was extensive. The Society can be regarded as a social network for the Friesian agricultural sector during the nineteenth century, a network which was characterized by a conscious cultural identity backed by economic success.
In the last 25 years of the nineteenth century, however, a dramatic sense of disaffection took hold over Friesian dairy farmers. Their traditional methods of producing butter on their own farms was challenged by organisational and technological innovations. National competition rose because of the less expensive substitute, margarine, which took some market share from 'real' butter.
２７ Moreover, foreign competition increased. The fall in the Dutch market share of English imports offers some indication: it sank to eight percent in 1890.
２８ Denmark in particular was regarded as the great competitor. New research into the Danish dairy sector underscores contemporary reports that its success resulted from knowledge-driven measures. ２９ Danish knowledge infrastructures were stimulated by the national government, which played a far more active role compared to the Netherlands. For the greater part of the nineteenth century the relationship between the economic sector and the Dutch state was characterized by its liberal principles, with politicians adopting a laissez-faire attitude. At the time, Dutch politicians were convinced that the state should not be actively involved and that initiatives to improve agricultural education should come from society itself. Once an initiative was serious and well organised, the state would then support it with subsidies based on the 1862 Secondary Education Act.
３０
There was a thin line between state reluctance and the outright rejection of all initiatives, however. Proposals for the foundation of an agricultural school from the local administrators of Franeker (1866) and Dokkum (1880) were refused by the national government.
３１ The modest role of the state made it easy for politicians and the responsible ministers not to spent any effort and resources on local initiatives. This political climate explains why the Society was not involved in lobbying for schools in Franeker and Dokkum. Members of the association were rather liberal too, they were self-confident, trusted in their independence and were, on average, not in favour of strong state involvement. The general sense of disquiet from about 1875 onwards was the first sign that the liberal doctrine within the Society was losing ground. Inspired by the loss of market share and the fall in butter prices, a sense of urgency spread within the Society. The insistence on strategic action was expressed by new and in most cases younger members. For example, in the annual general meeting of 1882 the newly elected president, Dirk Fontein de Jong (1836-1898), stated that agriculture deserved 'strong support' from the government. ３２ Fontein de Jong was director of a flax factory and also a deputy on the provincial board of the Friesian regional government (Gedeputeerde). Moreover, he was a member of the commission which advised the government from 1887 to 1890 on agricultural policies (Landbouwcommissie). He became, as we will see, a key figure in the foundation of the Friesian Dairy School.
In the first year of Fontein de Jong's office, the issue of agricultural education was put on the agenda by a young school master called Vitus Bruinsma ３５ The Society soon agreed on the basic principle that agricultural education should focus on youth. The method of education was highly disputed, however. At the core of the conflict were the different kinds of knowledge. On the one hand, many members of the Society clung to a practical type of knowledge, connected to the craft of farming and the skills involved. On the other hand, some influential members advocated scientific knowledge, which empowered farmers with the ability to deduce and experiment. These different types of knowledge led to discord not only in Friesland, but also at a national level and abroad.
３６
Quite a few members of the Society had doubts about the need for theoretical education for future farmers. Their scepticism was increased by the high investment needed for a school and the cost to parents, whose children were the school's targets. 
４
Caught between economic actors and the state Certainly, the founding of a Friesian school was not the result of a harmonious process grounded in a stable, conflict-free culture. The situation reminds us of the historical critique of the idea that geographical proximity leads to cultures of trust and cooperation. ３７ History abounds with evidence to the contrary, where proximity is accompanied by discord and quarrels. From this critical perspective, the cluster literature idealizes cultural aspects and often overlooks situations of discord and competition. However, in this debate, the development of economic clusters can be regarded in the light of either a consensus or a discord framework. Discord and consensus do not exclude each other; both can have their positive and negative effects on cluster development. Moreover, both can operate at the same time, as happened in the process of founding the Friesian Dairy School.
After Bruinsma left the stage, his leading role was taken over by Dominicus van Konijnenburg (1841-1905). Van Konijnenburg was well-informed on the educational question because he was president of the department where Bruinsma first started lobbying. His departmental presidency also made him a member of the general board of the Society. In addition, he was secretary of the prestigious Friesch Rundvee Stamboek, the official register of Friesian cows. As an influential man of good reputation, he intervened in the debate which reopened in 1885.
３８ His approach to overcoming the stalemate was to focus on dairy education, and thus lower the investment costs. Van Konijnenburg proposed a modest facility for three months of training at the most, similar to German dairy schools (Molkerei Schüle) which were private institutions. Young women aged from 16 to 18 would receive practical training, whereas young men would be trained in mechanical dairy processing methods. ４０ Hardly any Friesian farmers had changed their production systems, however, so the Bruinsma plan was only slightly affected by this debate. In the early 1880s, however, new events meant that industrial dairy processing would soon change from being a futuristic possibility, to a reality which was rapidly taking shape. The first dairy factory, 'Freia', was erected in 1879 in Veenwouden. This town in the east of the province was relatively remote from the cluster's western heartlands. Moreover, it did not use a mechanical centrifuge, which entered the market in the same year that Freia was erected. Three companies were founded in 1882 on the basis of this new technology. Their locations -Leeuwarden, Bolsward and Sneek -were the more central dairy production sites in Friesland. was that it is unlikely that any of these schools taught industrial dairy processing. The article merely restated that these countries had outsold Friesian dairy products on the English market, meaning that the foundation of a Friesian dairy school was urgent. This article was probably written by Van Konijnenburg, who was a prolific writer of journal articles. Ten days after the publication of the article, the Society's general board decided by sixteen votes to four, after consulting each of the thirteen departments, to commit itself to a school focused on dairy farming, instead of a combination of arable farming and dairy training.
４３ An important argument for this choice, we can conclude, was the threat of international competition and the fear of wiping out the Friesian industry. A commission, established in the spring of 1886, was made responsible for the legal and financial preparation of the foundation.
４４ Among its members were the president of the Society, Fontein de Jong, as well as Van Konijnenburg, whose ideas were a leading force in the school's organisation. ４５ The school became an independent institution with a dual curriculum: training for manual and industrial processing techniques, just as Van Konijnenburg desired. On 6 March 1888 the King approved the statutes for an 'association for vocational education in dairy preparation in Friesland' ('Dairy School Association'). ４６ The Dairy School Association was based in Bolsward, because this town in the west of the province made the most attractive bid, offering financial and organisational contributions to the school. Alongside the municipality, the Bolsward-based Gasthuisfund backed the initiative with modest financial resources. Bolsward was at the time an important town for the Friesian dairy cluster. It was located in the middle of the traditional 'pasture corner' (Greidehoek) and housed one of the first dairy companies. Most crucial in the foundational process, however, was the state's involvement. The coming together of the economic actors and the state became evident through their financial and organisational ties. The province of Friesland was the first state organisation which was prepared to provide an annual subsidy to such activities in the common good. The national administration was the most important annual financier (see table 1 ). In order to organise and legitimize the assistance from the Ministry of Internal Affairs, which was responsible for education policy at the time, the Friesian Dairy School had to be incorporated into national political structures. The Friesian initiatives coincided with a national trend for greater state involvement in agricultural matters. In the last fifteen years of the nineteenth century political involvement, instigated by the agricultural crisis of the 1880s, gave rise to a Dutch 'agricultural institutional matrix'.
４７
The Agricultural Commission, consisting of twenty-five members selected for their academic, political and agricultural experience, played a central role in this process. During the period from 1887 to 1890 it issued several recommendations on quality control systems, research and development, education and land use. One of its first recommendations was on the provision of help to agricultural schools for vocational training.
４８
This recommendation was crucial for legitimizing state involvement in the Friesian dairy cluster. Regional interests overlapped with the national interest in a strong agricultural sector. Fontein de Jong, president of the Society and a member of the Agricultural Commission, was the main ar- ４９ In a clever double move Fontein de Jong used his own letter to the Agricultural Commission as part of a successful bid to gain backing for the Friesian initiative. ５０ As a result the Friesian Dairy School was able to receive assistance before the Agricultural Commission issued its advice on the national system of agricultural education.
５１
Thanks to Fontein de Jong, an item for the assistance of agricultural schools for vocational training was included in the state's budgetary plan of 1888. One year later, eight farmers' sons with an average age of twentytwo started their education at the new dairy school.
５２
５
Cultural adjustment
It soon turned out that the school's curriculum was too much a product of compromise to be successful. Originating in the Van Konijnenburg-plan, both the old and the new mechanical techniques for making butter and cheese were taught. We must recall that the author of this plan spelled out this dual character while representing a society many members of which were sceptical about teaching agricultural theory. Nevertheless, theoretical courses in the natural sciences, physics, chemistry, botany and zoology were taught during the afternoon. With hindsight, these theoretical courses were remarkable, because Van Konijnenburg and others had only emphasized the need for practical training. The theoretical courses were, however, a concession to the Ministry of Internal Affairs, whose inspector criticized the limited amount of theory to be taught when he read the draft curriculum. ５３ This resulted in the inclusion of more theoretical courses within the three-month course.
Despite these adaptions to the Van Konijnenburg plan, the school still did not meet its high expectations. Dynamic economic developments increased the mismatch between the goals envisaged by the school's founders and the expectations of the students as well as and particularly of the emerging dairy industry. Industrial dairy companies were growing fast from 1885. The first cooperative dairy factory was erected in 1886, the second followed in 1887 and in 1888, ten cooperative dairy companies were founded in a single year (see Figure 2) . However, the curriculum was not substantial enough for the responsibilities required for managing a dairy factory. There was a great deal of discomfort at this, which illustrated how difficult it is to reach consensus in times of change. Expectations of the school were rooted partly in the pre-industrial period, but because of the rapid industrial development, these expectations were disappointed by those stakeholders involved, leading to fresh discussions.
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The discussions between the founders of the Friesian Agricultural Society, the Dairy School Association, and the representatives of the state aimed to reach a new consensus. In an attempt to better align educational objectives and societal demands, a reorganisation process was started. The Association board members decided to focus entirely on industrial AUP -156 x 234 -3B2-APP flow Pag. 0085 <TSEG1604_04_MOLE_1Kv36_proef1 ▪ 23-11-16 ▪ 12:59> dairy processing in November 1892.
５４ This dissociation from practical training in dairy processing on the farm was preceded by a recommendation from F.B. Löhnis (1851-1927), who took office as the first inspector of agricultural education in 1892. Löhnis took a broader view. A school linked to a farm had been opened in the province of South Holland, whereas the Friesian school tended more towards training for industrial processing. A national division of tasks helped legitimize the focus on industrial dairy processing in Friesland. The first new course started in July 1894 and was extended from three to six months. Nevertheless, after this first reorganisation the problems were not solved. Students still lacked the practical and theoretical background to understand all their courses. Moreover, feedback from dairy companies indicated that the alumni were not well enough equipped to manage tasks in factories. Dairy product sales were also unprofitable, with the cost of natural resources leading the returns and endangering the school's future. The director of the school complained that he did not have enough time for the theoretical courses, because the milk (which was delivered daily) had to be processed with the students' help.
In an attempt to reach an unified solution to all these problems, a second reorganisation process was started in 1898. The initiator of this process was Johannes Mesdag (1850-1932). Mesdag combined his chairmanship of the Dairy School Association with the his role as dairy counsellor to the Friesian Agricultural Society. ５５ Mesdag's academic training was in physics. He was an influential man who stood out for his engagement with students and his knowledge, and for his tenacity. Under his chairmanship, the Dairy School Association flourished and eventually his reorganisation plan was embraced by all stakeholders in the cluster, including Löhnis. Proposals for statutory changes led to a clear mission statement: the school focused 'entirely on theoretical education' and its target group was described as 'those who wish to be appointed as the director of a dairy company' later on in their careers. Admission requirements were expanded. Students had to have practical training in a dairy company for at least one year. This, and other more detailed aspects of the curriculum, were approved by all members of the association. question of whether the school had to move to Leeuwarden or stay in Bolsward. New courses had to be postponed in 1900 in expectation of the reorganisation, which was never reported by the Dairy School Association. The question of where the school should be based was so controversial that the Association was liquidated in 1901 and dairy education in Friesland was taken over by the state.
６
Cluster dynamics
To understand the turmoil surrounding the decision as to where the Friesian Dairy School should be based, we should take into account the establishment of Leeuwarden as the centre of the Friesian dairy cluster. Because of the rise of the industry in the last fifteen years of the nineteenth century, several regional organisations were founded and located in Leeuwarden.
The most important of them was the Union of Cooperative Dairy Factories, which was established in 1897. This was led by pioneers of the Friesian dairy industry. The board of the Union of Cooperative Dairy Factories consisted of outspoken and self-made men, who appointed a secretary to look after the interests of cooperative dairy factories on a full-time basis.
The union was not that enthusiastic about the school. ５７ Led by autodidacts, the union's board believed that training on the job was by far the most effective way of becoming the boss of a dairy factory.
５８ Because of their scepticism, they demanded that the school be moved to Leeuwarden in return for their cooperation. This cooperation was greatly needed, because a crucial part of Mesdag's reorganisation plan was the training of students in dairy factories. This preparatory phase required close cooperation between the school and dairy factories, a cooperation which could be managed by the Union of Cooperative Dairy Factories.
Moving the school to Leeuwarden would be a blow to Bolsward, so in late 1899 it was put to a vote at a general meeting of the Dairy School from the feeling that cooperatives had become too powerful, which could harm individual entrepreneurs and the 'private' companies. Therefore, even after the reorganisation of the dairy school was almost complete, the Friesian dairy cluster was not freed from internal tensions. Construction of the school nevertheless started in Bolsward and on 1 October 1904 the second dairy school opened its doors to ten students. Before embarking on their courses, which lasted for eighteen months, they were carefully selected through an admissions procedure. Eight were examined in March 1906 and received certificates afterwards. They successfully followed the curriculum which had been so carefully prepared in the preceding twenty years. One year later it was reported that two of them had become directors of dairy factories and six of them assistant directors.
６８ The long-discussed theoretical education for the dairy industry had achieved its aim. Meanwhile, the Union of Cooperative Dairy Factories started its own on-the-job training. It lasted for a period before the cooperative leaders in Leeuwarden resigned themselves to the political decision. But the debate about the school's natural location lasted throughout the entire twentieth century. Only in the late twentieth century did it succumb to the centralization of powers within the Friesian cluster. It lost its independence and merged with a larger organisation in Leeuwarden, which is today called the Van Hall Larenstein University of Applied Sciences. 
６９
７ Conclusion
The foundation of the first dairy school was a collective strategy of the Friesian Agricultural Society, the province of Friesland and the national state, intended to keep pace with competitors from neighbouring countries and regions. The foundation and failure of this first school were part of a learning process. Various tasks and responsibilities for achieving collective goals such as the improvement of the dairy industry, became clearer due to the disappointments experienced through the school's failure. Economic actors became used to a knowledge institution being an autonomous organisation responsible for educating people over a considerable period. At the same time, people involved in the dairy system expected the state to finance the school and control its direction. The same is true of politicians and agricultural policymakers, for history had shown that quality and continuity were at risk if direction was left in private hands. These lessons were implemented in the second dairy school, which opened in 1904 and became the central location for the education of managers and directors of the Friesian dairy industry throughout the twentieth century. The way connections between economic actors and the state were built was a whimsical process. As such, it underscores the necessity of unique narratives on singular cases. We can identify a more general mechanism also relevant to the debate on cluster development. During the experimental phases, people from various sectors reshaped their expectations of each other. Due to these fundamental discussions over how to proceed, patterns of cooperation between the business domain, the state and knowledge institutions became more clear. The inevitable frictions helped define each party's role. It is in these exploratory and tentative phases that differentiation of tasks becomes settled, based on everyone's new role expectations. The Friesian dairy school makes clear how such role expectations are produced during a dynamic process of trial and error. Moreover, this casestudy showed the importance of a multi-level perspective in the study of cluster evolution. Bottom-up initiatives became fully profitable only after the State developed a framework in which the dairy school was embedded. The logical connection to this national framework provided the financial and organisational support from the Government, thus securing continuity and a standing reputation of the school.
We would also expect to find such learning processes and multi-scalar interactions in other clusters (including in agribusiness) where economic actors and the state have sought to establish knowledge infrastructures to help regional networks adapt to changing circumstances. Identifying and comparing these experimental stages may not only enhance our understanding of cluster development but also stimulate new research into how entrenched knowledge institutions are in regional networks of economic actors and the state. 
